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Foreword 
Arable farmers and outdoor-vegetable growers have always been 
confronted with the major problem of weed control in all their operations. 
Although the introduction of herbicides has resulted in a drastic reduction 
in the amount of labour involved in weed control the use of these 
chemicals have never rendered weed control a mere side-line activity. 
Moreover, the use of herbicides is accompanied by problems. Herbicides 
have a significant environmental impact, some weeds have developed a 
resistance to these chemicals, and their use has resulted in the selection 
of weeds that are tolerant of the standard herbicides used for specific 
crops. In addition, the cultivation of an increasingly number of minor 
crops is complicated by the lack of appropriate herbicides for the control 
of all weed species. In combination, these problems provide more than 
enough cause to give serious consideration to the opportunities for weed 
control that avoid the use of chemicals, and to the integration of these 
alternative methods in the farm's operations. 
Organic farmers are confronted with much more complex weed control 
issues compared to control using herbicides and the management of the 
cultivation of their crops confronts them with much greater challenges. 
Weed control on an organic farm imposes stringent requirements in every 
facet of application: it requires professionalism, excellent organizational 
skills, a clear perception of the problem, and an explicit farm strategy. 
The strategic element relates to the approach adopted to control weeds, 
i.e. the selection of an appropriate crop-rotation cycle, the management 
of the fields - before, during and after the cultivation of the crops - and 
the development of an optimum approach for each type of crop. Or, in 
other words, it is necessary to know what the problem is, where the 
weeds need to be controlled, how the weeds are to be controlled, and 
which level of control is required. 
Moreover farmers will not only wish to control weeds; they will also want 
to ensure a long-term reduction of the weed 'problem'. 
The authors of this Manual have succeeded admirably in their endeavours 
to bring together the wide range of knowledge and experience of 
non-chemical weed control possessed by machinery manufacturers, 
entrepreneurs, researchers and consultants in a well-organized and 
concise manner that renders the information accessible to a wide 
readership. 
In doing so they have made this knowledge and experience available to 
many organic and traditional farmers - farmers who will certainly be 
able to benefit from the information provided in this Manual. In addition, 
this publication offers the 'green' education sector a wealth of extremely 
useful information. 
Consequently I can strongly recommend this Manual to everyone! 
Frank Wijnands, 
Cluster Leader, Organic Agriculture, Wageningen L/R 
^ 
Introduction 
Weed control without herbicides! 
Which types of machinery are available? How do they work? Which crops 
can they be used for, and which settings are required? 
Answers to these and other questions about non-chemical weed control 
are given in this 'Practical Weed-control' Farmer's Manual which brings 
the knowledge, experience and assessments of users, machinery 
specialists and researchers together in a form ideally suited to use by 
farmers and growers. The information is made available in an efficiently-
structured and accessible manner. 
This publication is based on a similar manual published in Switzerland. 
Daniel Baumann and Regula Bauermeister were primarily responsible for 
the content and layout of the original manual, 'Unkrautpraxis' (published 
in German). This publication focused on horticultural crops. During the 
preparation of this publication Daniel Baumann and Regula Bauermeister 
worked closely with Piet Bleeker (PPO-Lelystad) and other experts. 
In 2002 the Ministry of Agriculture, Nature Management and Food 
Quality's Research Programme Steering Committee issued an assignment 
for the preparation of a practical weed-control manual in the Dutch 
language. The content of 'Unkrautpraxis' was modified and was expanded 
to include arable crops. The next step to make this knowledge and 
experience available to the European agricultural community is this 
English edition of Practical weed control. The content of the Prevention 
and Weeds sections was also greatly expanded. 
The Machinery Section was expanded to include the latest technology. 
David van der Schans and Piet Bleeker. 
Professional weed control 
Are you looking for information about preventive measures, 
the dispersal of weeds and issues related to weeds, the 
appropriate approach for a specific crop, or about the principle 
used by a specific type of farm machinery? If so, selecting the 
appropriate tab will bring you to the information you need. 
The blue section contains information about measures to 
impede or restrict weed development. These will enable you 
to retain control of the weed pressure, and the consistent 
implementation of these preventive measures will save you a 
great deal of time and money. The green section contains 
background information about the dispersal of weeds and 
the damage caused by weeds. This information will help you 
decide the priority you wish to assign to weed control when 
other issues also require your attention. 
The orange section contains guidelines for weed control in a 
large number of arable and horticultural crops. The tabs offer 
you ready access to the information about the relevant crop 
group. 
The most suitable type of farm machinery and the requisite 
settings are given for each crop group and each weed stage. 
The Machinery Section contains further specifications of the 
machinery and the necessary settings. 
The section contains a concise description of the types of 
machinery, including a paragraph on steering systems. This section 
contains a detailed description of the approach, uses and principle 
of each type of farm machinery, accompanied by a large number of 
illustrations. The concluding brown section contains the index. 
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Preventive measures c 
A series of preventive measures can be implemented to restrict weed 
problems in the crop. Preparations for these measures will need to be 
made whilst planning the cropping, since the preventive measures are 
related to the other cultivation measures. The additional attention this 
requires will be recouped in the form of fewer weeding hours during the 
cultivation of the crop. 
Measure 
Choice of variety 
Planting rather than sowing 
Prevent seed production 
Choosing the field 
Preparing the seedbed 
Crop sequence 
Soil cover 
Accurate sowing and planting 
Growth of the crop 
Effect 
Choose strongly-competitive varieties with a rapid initial development. 
For example, onions: Sow 6 - 7 seeds in soil blocks. Plant at the 3 - 4 leaf stage. 
Prevent seed production by the weeds. Fields relatively free of weeds need to be kept weed-free. 
Use compost and manure that do not contain weed seeds. 
Avoid using fields with a lot of weeds for weakly-competitive crops (such as carrots/onions). Avoid the 
use of fields with perennial weeds (such as thistles, common dock and couch grass) for the cultivation 
of perennial crops (such as green asparagus or perennial herbs). 
Till the soil using a method that turns the soil over (ploughing). 
Plan sufficient time for a false seedbed. 
Produce a suitable and level seedbed with a fine soil structure. This will simplify sowing, and will 
reduce the number of weed-control measures. 
Bare fallow fields will prove most effective on land with a high pressure of perennial weeds. 
Plan an extensive crop rotation including grass-clover and green manure crops. 
Alternate strongly-competitive crops with weakly-competitive crops. 
Various types of mulch reduce weeds. 
Undersowing and intercropping suppress weeds. 
Tailor the sowing or planting of the crop to mechanical weed control. Use high-quality seed with a good 
germination capacity or high-quality plant material, and provide suitable water supplies. Keep uniform 
sowing depth and row distance. 
The competitive ability of the crop will increase with the rate of its development. For this reason it is 
important to till the soil carefully to ensure that the top soil is sufficiently loose and that the lower layer 
is sufficiently firm to anchor the seeds or plant material. In addition, the soil must contain sufficient 
fertilizer and moisture. 
• = little effect • • = moderate effect • • • = great effect 
Crop rotation J 
One of the many benefits offered by appropriately-planned crop rotation 
is the suppression of weeds. The frequent occurrence of particular weed 
species is strongly related to the cultivation of specific groups of crops. 
Spring-germinating weeds are offered particularly favourable conditions 
in crops which are sown in the spring. Winter cereals sown in the autumn 
will encounter problems with other weed species. 
The adoption of a wide crop-rotation cycle will result in a varied weed 
population which contains few weed species that have adapted to the 
individual crops. In a narrow crop rotation of monoculture the weed 
population will adapt to the crop(s) grown on the land. Although the weed 
population then consists of a restricted number of weed species these 
species will nevertheless proliferate rapidly. Narrowing the crop rotation 
promotes the number of problem weeds that have adapted well to the 
crops. The main effect achieved by crop rotation is the suppression of 
weeds by the cultivation of strongly-competitive crops alternating with 
weakly-competitive crops. 
The number of weed seeds in soil used for the cultivation of a crop 
exhibiting a marked suppression of weed growth will generally decrease 
by between some 2 - 50% per annum, dependent on the weed species 
and the soil cultivation. 
A successful long-term weed-control strategy is possible only by the 
inclusion of strongly-competitive crops alongside the weakly-competitive 
crops in the crop-rotation cycle. Crops exhibiting a marked suppression 
of weed growth include perennial ley, grass-clover, and green manure 
crops. 
Strongly-competitive crops need to develop an appropriate homogenous 
soil cover. In addition, it is important to alternate the cultivation season 
by including autumn, spring and summer crops. 
Spring-germinating seeds such as fat-hen, orache, redshank, field 
pennycress, and black nightshade develop in summer crops planted at 
a greater row width. In the absence of effective control methods weeds 
can proliferate at a tremendous rate in crops with a weakly-competitive 
initial development, such as carrots and onions. Weeds that form seeds 
can multiply very rapidly in potato and cereal crops (manual weeding is 
difficult). For this reason crop-rotation cycles need to allocate sufficient 
time before the cultivation of the crop, and between the crops, so as 
to offer an opportunity for a false seedbed and the cultivation of green 
manure crops. 
When cultivating perennial crops such as asparagus and rhubarb care 
needs to be taken to select a plot free of perennial weeds such as corn 
sow thistle, common dock and couch grass. 
Crop rotahc tant to prevent the development of problem weeds. 
False seedbed 
The thorough preparation of the seedbed, by means 
of what is referred to as a 'false seedbed', offers an 
excellent means of controlling germinating weeds before 
the crop is sown or planted. The false seedbed must be 
prepared at least ten days before the crop is sown or 
planted. Ploughing the soil encourages weed seeds to 
germinate. Harrowing machinery is then used to control 
germinating weeds prior to sowing or planting the crop; 
the soil should be cultivated as shallowly as possible, 
although this depends on the crop's sowing/planting 
depth. The cultivation depth should not exceed 2 cm, 
otherwise further weed seeds will be brought to the 
surface from deeper soil levels. When the soil conditions 
and the time permit then this procedure can be repeated 
several times prior to the establishment of the crop. 
Preparation of a false seedbed. 
Give consideration to the soil structure 
Measure: 
Scope: 
Machines: 
Notes: 
False seedbed 
Sown and planted crops. 
Pasture harrow, chain-link harrow, full-field hoe, and other 
machines for the preparation of sowing and planting beds 
such as a rotary harrow. 
Restricted effect with soil temperatures below 10°C. 
Covering the machines used for the preparation of the 
final sowing or planting bed to exclude light can limit the 
further germination of weeds. Weed seeds that require light 
exposure will not germinate. Most weed seeds respond to 
exposure to light. 
First operation Second operation 
10 12 14 Days 
Weed TT Plough/Cultivator 
Crop (( Harrow/Seedbed preparation 
Harrowing between sowing and emergence 
Harrowing during the period between sowing and the emergence of 
the shoots is feasible only when the germinating seeds of the crop 
are deeper than the harrow's cultivation depth. 
In an ideal situation the crop is given an edge over weeds by 
sowing the seed in weed-free soil, preferably in combination 
with the preparation of a false seedbed. This method is effective 
in controlling both germinating weed seeds and weeds at the 
cotyledon stage. In blind harrowing the tines of the harrow are set 
parallel to the surface, with a cultivation depth of between 2 and 3 
centimetres. 
Difference between harrowing/ 
not harrowing between sowing 
and emergence. 
Chain-link harrows are ideally 
suited for use between sowing 
and the emergence of peas. 
Measure: 
Scope: 
Machines: 
Notes: 
y 
Blind harrowing 
Almost all sown crops. 
Spring-tine harrow and chain-link harrow. 
Fairly aggressive harrowing is possible with 
deep-sown crops such as beans, peas, sweet 
corn, and spinach. However, care is needed with 
shallow-sown crops such as spring-sown onions 
and sugar beet; in addition, the cultivation depth 
is of great importance. 
Take special care with crops that germinate 
extremely rapidly! 
0 2 4 6 8 
• Weed 
# Crop 
f¥* Seedbed preparation/Harrow 
10 Days 
Flame weeding before the emergence of the shoots 
Flame weeding before the emergence of the crop uses the same 
principle as blind harrowing. The correct time for flame weeding can be 
determined by covering small areas of soil with film or panes of glass 
('sprouting windows'). In warm and humid weather these will need to 
be checked regularly from the fifth day, depending on the crop. The 
entire field must be flame weeded as soon as the first crop plants are 
visible in the sprouting window. Since the germination of crop plants 
can be irregular it will be necessary to carry out these tests in several 
locations. Flame weeding should be implemented only when weeds are 
present. 
Pre-sprouting window used as 
an aid for flame weeding. 
Flame weeding with 
spring-sown onions. 
Measure: 
Scope: 
Machines: 
Notes: 
10 
Flame weeding 
Weakly-competitive crops with a long 
germination period, such as carrots, 
onions, beetroot and salsify. 
Flame weeder. 
Maximum sowing depth 3 cm. 
12 14 
Weed 
Crop 
Flaming 
16 18 Days 
— _ — 
Sowing or planting method and weed control 
The most vulnerable period for weed development is the period from 
planting or sowing until the achievement of soil cover >80 %. The risks 
and the costs are inversely proportional to the length of this period. 
Instead of sowing directly in the field the seeds are sown in trays and 
the plants are raised indoors. Planting instead of sowing reduces the 
duration of the vulnerable period by about a month. Transplanted crops 
require one-third of the hand-weeding hours needed for sown crops. 
However, planting is expensive, ranging from about € 1,500 for beet 
to some € 3,750 for spring-sown onion. As a result of the more rapid 
growth and better distribution of the plants fewer plants are required 
for a good yield. 
Further optimization can be achieved by sowing spring-sown onions 
in small clusters rather than even sowing. It is then possible to hoe 
or flame weed in the crop rows. A system is being developed in which 
cluster sowing is combined with plant recognition and weed control in 
the crop rows. 
Table 1. Remaining number of hand-weeding hours required per hectare 
after mechanical control (PPO-OBS experimental farm. Nagele, The 
Netherlands). 
Sown onion Sugar beet 
sown soil block sown paper pot 
1997 
1998 
1999 
2000 
2001 
316 83 
255 97 
65 26 
96 30 
108 20 
32 18 
128 45 
A number of examples in which the sowing or planting time can exert a 
great influence on the weed-control methods are: 
• Any black-grass and mayweed plants in late-sown winter cereals 
(after 1 November) will still be small enough for control with 
(intensive) harrowing in the early spring. This is much more difficult 
with early sowing. 
• Early crops of vining peas contain much lower numbers of black 
nightshade than later crops. Black nightshade germinates relatively 
late in the year. 
• Fewer operations are necessary to keep late-sown green maize (10 
- 15 May) free of weeds as compared to early-sown green maize (end 
of April). The number of operations can be reduced by about 25 %, 
and the final result of the control measures is better. This does not 
have any consequences for the yield of early maize varieties. 
• On average, chitted potatoes achieve full ground cover two weeks 
earlier. This removes the need for one mechanical operation. In 
combination with late soil cultivation, sometimes avoids the need for 
any further mechanical control during the cultivation of the crop. 
• Seed priming of carrot and chicory results in more rapid emergence, 
i.e. a few days. However, it is not clear whether a more rapid 
emergence is beneficial in situations in which flame weeding is used 
before crop emergence. 
Undersowing and Intercropping 1 
~ 
Undersowing with a living mulch covers the soil and suppress germinating 
weeds. It also serves as a bait crop for pests, and prevents the leaching 
of nitrates and suppresses weed growth after harvesting. The crop needs 
to be at a more advanced stage of growth with respect to the mulch crop. 
Undersowing can be used only with strongly-competitive crops such as 
(sweet) corn, sugar beet, cereals, cole crops, and leeks. The mulch crop 
should be sown at a time that it will not compete with the main crop. 
Competition with the main crop can result in a reduced yield and quality. 
The mulch crop is sown a number of weeks after the main crop has been 
sown or planted. A mixture of perennial ryegrass and white clover (200 
- 300 gram per are) is a suitable undersow. After harvesting this winter-
hardy undersow also protects the soil from erosion, nutrient leaching, and 
weed formation. 
Late-germinating weeds unlikely to produce seeds can also be left as a 
living mulch. However, this is possible only when the weeds do not produce 
seeds. Undersowing also has a beneficial effect on pests; for example, field 
pennycress serves as a trap crop for flea beetles. Predator insects thrive 
in undergrowth. 
Benefits: 
• Improves the soil structure 
• Trap crop for harmful insects 
• Shelter, hibernation opportunity and alternative source of food for 
beneficial insects 
• Protects from erosion 
• Reduces nitrogen leaching 
Leeks with clover undersow. Take account of: 
• Mutual competition 
• The nematode control strategy and soil diseases 
• Risk of weed growth and poor development of the undersow 
Leeks can also be grown in mixed cropping with celery or turnip-rooted 
celery. Intercrops will cover the soil more quickly and thoroughly than leeks 
grown alone. Studies have revealed that the intercropping of leeks and 
celery results in a significant improvement in the suppression of weeds. 
The critical period is significantly shorter, and a smaller number of late-
germinating weed species can flower and form seed as compared to the 
single-crop cultivation of leeks. Both crops are planted simultaneously and, 
for leeks and leaf celery, are also machine harvested at the same time. 
Mulch y 
Mulch impedes the emergence of weeds. Mulch also keeps the crop 
clean and dry, which is of particular importance to leaf crops that grow 
close to the ground, such as lettuce and strawberries. 
In the past, non-ecological plastic films were often used for this 
purpose. These plastics consumed large amounts of energy during 
both their manufacture and disposal as waste. Nowadays mulch films 
such as paper and biodegradable plastic are available on the market. 
Natural materials such as straw, wood chippings and weed-free 
compost can also be used as mulch. In addition, dispersible and liquid 
mulch products are under development. The use of mulch products is 
profitable solely with perennial crops and those that yield high returns. 
The application of mulch only in the crop rows will reduce the costs; 
mechanical weeding can be used between the rows. 
Mulch effects on the temperature and moisture level of the soil. The 
temperature of the soil will be higher when covered by black plastic 
film as compared to a layer of chopped straw. The mulch will also exert 
an influence on the levels of minerals and moisture, depending on the 
type of soil and the season. Moreover the risk of damage caused by 
night frosts in the spring will be increased by using mulch. This risk is 
greatly dependent on the insulation effect of the specific mulch and the 
conditions. 
Summary of the types of mulch available on the market. 
Product Material Feasible uses 
Various 
Biodegradable 
films 
Plastic film 
Paper 
Natural 
starch or 
biodegradable 
plastic 
PE-film 
Planted crops with little 
competitive strength and crops 
that need to be harvested in 
a 'clean' condition, such as 
strawberries, lettuce, and fennel. 
As for paper; also suitable 
for gherkins, pumpkins and 
glasshouse crops. 
As for biodegradable films 
Advantages and disadvantages 
No detrimental effects on the growth of the crop. Good suppression of weeds. 
Dry and clean product. 
Tears easily whilst being laid. Expensive. Rapid decay of edges inserted in the 
soil. 
No detrimental effects on the growth of the crop. Readily suited to laying 
using machines. Good suppression of weeds, clean product on harvesting. No 
disposal fees. 
Growth of weeds in plant holes. As expensive as PE film, but cheaper than 
paper. Can tear more readily than PE film. 
As for biodegradable films, but with disposal fees. 
Not ecological. Costs of clearance and disposal. Growth of weeds in plant 
holes. 
11 
Compost Weed-free 
compost or 
black soil 
Chopped straw Straw 
Animal Star Straw 
Layer of at least 3 cm required. 
Can be used once in crop-
rotation cycles. In view of the 
use of minerals these materials 
are governed by the manure 
legislation. 
Outdoor crops. 
Apply a thick layer of between 
3-5 cm (15-18 tonnes straw/ha). 
Dispersible granules for planted 
crops with little competitive 
strength and for sown crops 
(from the three-leaf stage). 
+ No detrimental effect on the growth of crops. Has a fertilizing effect. 
In view of the presence of minerals the compost can also constitute an 
excellent growing medium for weeds when used for longer periods. A large 
quantity of minerals is applied. This can cause bottlenecks with respect to the 
manure legislation. 
+ Easy to apply when the surface is still bare after planting (for example, bulb 
crops). Cheapest covering material (€1,750, inclusive of application and 
chopping). 
Retarded growth due to nitrogen capture and lower soil temperature. 
Increased risk of damage caused by night frosts. Second growth of cereals 
and, on occasion, weeds. Nitrogen capture after harvesting due to straw 
residues. Additional costs on disposal. 
+ Biodegradable. Weed suppression > 4 months. Metering possible. 
Simple to use. 
- Can have a detrimental effect on the growth of the crop due to nitrogen 
capture; the soil remains cold for a longer period in the spring. Expensive 
(approx. € 5,000/ha). Nitrogen capture, also after ploughing under following 
harvesting. 
Liquid products are currently under development. Liquid products offer the benefit of being able to treat a large surface within a relatively short period of 
time. However, the disadvantage is that they may not be sprayed over the plants. 
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Damage caused by weeds 
" ) CHI 
When it is possible to make reliable estimation of the damage that 
weeds will cause to a crop it will be easier to establish whether the 
costs incurred in weed control will be outweighed by the lost income 
due to the reduced quantity and quality of the crop. 
Weeds cause: 
• Reduced yields due to: 
-competition for light, nutrients and water. These losses can reach 
100%. The extent of the damage depends on: 
- the crop's growth phase at the time the competition begins 
- the crop's competitive ability 
- the weed species 
- the weed density 
- allelopathy: some weed species release chemicals that retard the 
germination and development of the crop 
- parasitic weeds (dodder lives on other plants) 
-multiplication of nematodes, diseases and pests 
• Impediments to harvesting: for example, annual nettle in strawberries 
picked by hand; cleavers and bindweed when harvesting with a 
combine harvester and chopper 
• Reduction of the quality of the harvested product 
-disease pressure due to the moist microclimate in the crop, for 
example with Botrytis 
-higher drying costs 
-toxic berries from black nightshade in processed peas or animal 
feeds such as green maize 
-contamination of crop seed by weed seeds 
-risk of rejection by processors 
Crops that are overrun by weeds in an early phase and exhibit slow 
initial development, such as carrots and onions, can be entirely lost. 
Crops that have a lead since they have been planted or exhibit a 
rapid rate of development, such as maize and cereals, are much less 
susceptible to damage. The damage to these types of crops amounts 
to a maximum of between 10 and 40% of the yield. 
Measures to prevent damage can be costly. When mechanical weeding 
is ineffective then the only remedy is hand weeding. With some crops 
this will be the largest cost. 
There is a close relationship between the weed density in the crop 
rows and the number of hours of hand weeding required to control 
the weeds. The toleration of seed formation by weeds will result in 
additional weed-control costs in the future. 
Relation between weed pressure and hand weeding (hours). 
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Germination period 
" ) (ZU 
Weed seeds germinate at different times of the year. A knowledge 
of the germination periods of the various weed species can help in 
predicting the effectiveness of weed-control measures. 
Problems occur with those species that germinate and emerge during 
the period in which the crop is emerging and is still relatively open. 
The following figure is based on a classification of the weed species 
according to their germination period. The weeds in Group 1 germinate 
throughout the year. 
Consequently problems with these species often occur in the stubble. 
The species in groups 2 and 3 germinate primarily in the autumn and 
early spring; they develop in crops that are sown in the autumn or 
early spring. Groups 4 and 5 germinate in the spring. Control of these 
species is of importance to crops that are sown or planted in the 
spring. The species in Group 6 are of particular importance to crops 
sown late in the spring. 
The knowledge of the germination period can be used to assess 
whether the preparation of a false seedbed in a given period will be 
worthwhile. A false seedbed can be used to control only those weed 
species that germinate in that period. 
Classification of groups of weed species according to their germination period: 
Group 1: shepherd's purse, common chickweed, annual meadow-grass, Group 4: common orache, hempnettle and knotgrass 
groundsel, field penny-cress, crane's bill, speedwell, red Group 5: fat-hen, redshank, pale persicaria and black bindweed 
deadnettle and common sow thistle Group 6: black nightshade, smooth crabgrass, green bristlegrass, 
Group 2: black-grass, green field-speedwell and loose silkey-bent sun spurge and cock's foot 
Group 3: annual nettle, cleavers, mayweed and field pansy 
no germination 5 and max. 20% germination ) germination 
Size of weeds d» 
The effective control of weeds requires the adoption of cultivation 
measures focused on ensuring that the crop is always one step ahead of 
the weeds. 
In general, the ease of controlling weeds is inversely proportional to their 
size. Almost all weed-control measures are more effective with weeds in 
the cotyledon phase. In addition, a number of measures can have sufficient 
effect on larger weeds with a maximum of four leaves. 
A significant difference in the size of the crop and the weeds is of particular 
importance with control measures that also affect the crop, such as 
harrowing or soil cultivation using a finger weeder or torsion weeder. The 
larger crop plants are less susceptible to these forms of cultivation as 
compared to weeds in the cotyledon phase, Weeds at the cotyledon stage 
are much more susceptible to damage than weed plants at the two to four 
leaf stage. The most important factor determining the success of a control 
measure is the use of that measure whilst the weeds are still small. 
Carry out the weed-control measure as soon as the crop can withstand the 
operation. 
Rules of thumb 
• The crop must always be one step ahead of the weeds. 
• The smaller the weeds, the more effective the measure. 
o 
/ ' -
"^ Mr i 
IS White filaments cotyledon cotyledon to 2-leaf 2- to 4-leaf < 6-leaf 
G**Ö • 
seed-producing 
Size of weed 
Seed production ŒE 
Weeds must produce (virtually) no seeds if an increase in the weed 
population is to be avoided. Weed species that produce large quantities 
of seed must be controlled before they form viable seeds. 
The seeds in unripe seed pods are often already viable. 
The most seeds are produced by weeds that emerge early during the 
cultivation of the crop. Weeds that escape control will often grow to 
a very large size. Weeds that germinate later in the season will be 
suppressed by the crop, and will produce few seeds. 
The following formula can be used to make a rough estimate of the 
seed production of small weeds: 
300 x dry weight of the weeds 
Number of seeds 
weight of 1000 seeds 
In addition, the seeds of species with a high seed weight possess more 
vitality as a result of their larger food reserves. This enables them to 
germinate and emerge from greater depths in the soil. They are also 
more difficult to control with mechanical weeding in comparison to 
species with a low seed weight. 
Species 
Cock's foot 
Shepherd's purse 
Mayweed 
Annual nettle 
Groundsel 
Speedwell 
Fat-hen 
Redshank 
Annual meadow-grass 
Knotgrass 
Common chickweed 
Black bindweed 
Black nightshade 
Max. seed production per 
plant (number/plant) 
13,000 
40,000 
34,000 
1,500 
7,000 
300 
500,000 
800 
500 
200 
15,000 
1,000 
330,000 
Weight of one thousand 
seeds (g) 
1.5 
0.1 
0.3 
0.5 
0.3 
4.2 
0.7 
2.7 
0.4 
2.7 
0.6 
5.0 
0.8 
Period of seed formation 
(month numbers) 
7,8,9 
5, 6, 7, 8, 9, 10 
7, 8, 9, 10 
7, 8, 9, 10 
entire year 
4 ,5 ,6 
7, 8, 9, 10 
7,8,9 
entire year 
7,8,9 
entire year 
7, 8, 9, 10 
8, 9, 10 
Decline in number of viable 
seeds per annum (%) 
50 
27 
10 
34 
18 
11 
24 
16 
26 
37 
Weed-free period } CHI 
The period during which the field must be kept weed-free depends on 
the type of crop. In general it will be unnecessary to keep the field 
weed-free throughout the entire cropping period. It is important that 
the crop is kept free of weeds whilst the plants are young. Crops 
that develop rapidly do not give germinating weeds an opportunity to 
develop to a stage that they can damage the crop plants. However, 
it will be necessary to prevent the weeds from producing seeds. The 
requisite weed-free period is different for each type of crop, and 
depends on the crop's competitive ability. 
In principle a weed-control programme during the first half of the 
cropping period will suffice. However, crops with only a low or 
moderate competitive ability will also need to be kept weed-free during 
the first two to four weeks after the mid-point of the cultivation period 
to prevent the weeds from producing seeds or from impeding the 
ripening and harvesting of the crop. 
Leaf vegetables have stringent quality requirements and will need to be 
kept free of weeds throughout the cropping period. 
When do weeds not cause significant damage? 
Acceptable late weed development 
From one-third of the cultivation period 
From one-half of the cultivation period 
From 4 weeks after the middle of the 
cultivation period 
None 
weed-free period 
beginning 
i i i 
From 1-2 weeks after the middle of the 
cultivation period 
middle 
i i i 
end 
i i 
pumpkins, cereal, corn, sugar beet, ware potatoes 
grass seed, cole crops, beans, cabbage, lettuce, strawberries, asparagus, seed potatoes, chicory, sunflower 
endive, peas, carrots, celery, onion sets, beetroot 
leeks, spring-sown onions, garlic 
spinach, Swiss chard, corn salad, chives, parsley, fennel 
period in which late weed development is acceptable 
Problem weeds - annual D C » 
Broad-leaved weeds 
Weed species such as common chickweed, field penny-cress, black 
nightshade, redshank and fat-hen multiply only by the production of seed. 
They are weeds that flower once and do not have any underground storage 
organs; they usually live for one season. 
Annual weeds must be controlled before they produce seeds. 
Most species produce a large number of seeds. The seed's germination 
capacity varies greatly from species to species. The seeds of weeds 
that have relatively large and hard oil-containing seeds, such as black 
nightshade and redshank, can remain viable for decades. 
Small seeds remain viable for between one to five years. The number of 
seeds in the top soil can increase greatly when weeds are able to produce 
seeds without disturbance. The cultivation of the soil continually brings new 
seeds to the surface. Most weed seeds in the top 2 cm of the soil are able 
to germinate. Larger seeds will be able to germinate from a greater depth 
than small seeds. Measures designed to exhaust the reserve of seeds in 
the soil include the control of weeds before they flower, the use of strongly-
competitive crops in the crop sequence, shallow soil cultivation, and the 
repeated use of a false seedbed. 
Fat-hen. Redshank. Mayweed. 
Grasses 
Seed-propagated grass weeds such as cock's foot, black-grass and silky 
apera are more difficult to control with mechanical weeding; the machines 
have difficulty in pulling on them, and they develop strong roots. They 
often germinate late in the season, as a result of which a false seedbed 
is ineffective. Many grass species grow quickly, since they germinate 
later in the season when temperatures are higher. They are extremely 
competitive. They must be detected and controlled in good time. 
c 19 
The growing point of grasses is located at or below the soil surface. As a 
result it is more protected than broad-leaved weeds. Consequently flame 
weeders are less effective on grasses. 
Grass, clover and green manure crops can cause re-growth problems in 
a succeeding crop. Damage can be avoided by refraining from the use of 
ryegrass (in particular, Italian ryegrass), or by incorporating it into the soil 
in good time. 
Meadowgrass. Cock 's toot. 
Problem weeds - perennial C 20 
Perennial weeds such as couch grass, creeping thistle, sow thistle, 
dock, field bindweed, creeping yellow cress and coltsfoot multiply 
primarily by vegetative growth. They also produce seeds that enable 
them to become established on new land. In addition, they can be 
introduced via planting material and machines. Seedlings are controlled 
using the same techniques as for annual weeds. When these seedlings 
are not controlled and their underground organs develop and they 
will then multiply by vegetative growth. The best time for control, 
depending on the species, is between one and three weeks after the 
emergence of the seedling and before they develop the underground 
organs. The smaller the underground storage organ, the more rapidly 
it will become exhausted. New shoots grow from the underground 
storage organs, using the carbohydrates stored there. The most 
effective manner to control perennial weeds is to bring underground 
organs to the surface to dessicate. The best weed-control approach 
for fields with a patchy weed distribution is to mark the locations with 
perennial weeds and then to control these weeds throughout the entire 
cultivation season. 
Perennial weeds that are not controlled can multiply by a factor of 
ten in just one year. When the weeds are present on a field in large 
numbers the density can decline between 70 and 90% during a year in 
which the land is left bare fallow. 
The opportunities for the effective control of perennial weeds in crops 
vary between the weed species and the types of crops. Control is 
most effective when the weeds are in active growth and are continually 
developing new shoots. 
Couch grass grows throughout the year, provided that the soil 
temperature is above 10°C. This species can be controlled before 
sowing and after harvesting. 
Corn sow thistle is active between the end of April and the end of July. 
The control measures must be implemented during this period, which 
usually coincides with the sowing, germination and development of 
the crop. Even when all new shoots developing in the crop are weeded 
every 14 days the number of weeds will only decline by 30%. Perennial 
weeds are much more difficult to control than annual weeds. 
Sow thistle. Creeping thistle. 
Control options for perennial weeds 
c 21 
sowing/planting 
Couch grass 
Corn sow/creeping thistle 
Coltsfoot 
Creeping yellow cress 
Common dock 
Bindweed species 
BM = before cultivation, mechanical 
long 
AM 
DH 
DH 
DH 
DH/AM 
DH/DC 
long 
late 
headed cabbage, leeks, 
AM = after cultivation 
BM/AM 
BM/DH/DC 
BM/DH/DC 
BM/DH 
BM/DH/AM 
BM/DH/DC 
mechanical 
short 
peas 
AM 
DH/AM 
DH 
DH/AM 
DH/AM 
DH/AM 
short 
late 
bea-
'•ower, broccol 
BM/AM 
WM/DC 
BM 
DH/AM 
BM/DH/AM 
BM/DH/AM 
DC = during cultivation, competition DH = 
long (incl. winter) 
autumn 
cereals, grass seed 
DC/AM 
DC 
DC 
DC/AM 
DC/DH/AM 
DC 
during cultivation, hand 
Kvikup rotary tooth cultivator lays couch grass rhizomes on the ground. A rotar i lay rhizomes i 
Weeds and nematodes C 22 
Some 1200 species of nematodes are present in the soil and waters of 
temperate Europe. About one hundred species of nematodes are harmful 
to plants. There are no means available to rectify visible damage caused 
by nematodes. Nematode populations develop slowly in comparison with 
insects and fungi, and actively distribute themselves to only a limited 
extent. The farm operations need to include measures to reduce the risk 
of infection and control the multiplication of harmful nematodes. The major 
elements of the nematode control strategy are shown in the following 
figure. This strategy is based on an inventory, i.e. 'knowing what you've 
got'. Sophisticated use of this knowledge can then be made in the crop-
rotation plan, i.e. during the decision-making on issues such as the types 
of crops, varieties, the sequence, and the use of green manure crops.When 
it is not possible to find a solution then it will be necessary to implement 
supplementary measures to gain control of the nematode population. 
Nematodes can multiply on both crop plants and weeds. Studies carried 
out by Plant Research International revealed that more than 164,000 
Columbia root-knot nematodes (Meloidogyne chitwoodi) developed on one 
black nightshade with 20 grams of roots in just eight weeks. 
The multiplication of a nematode species on a weed population depends 
on the weed species, the growing season, the growth duration, and the 
intensity of the root penetration. The effect of a carefully-considered crop-
rotation cycle that limits the multiplication of nematodes can be nullified 
by the presence of a weed species that enables nematodes to multiply. An 
example is known in which carrots were damaged by the Northern root-knot 
nematode (Meloidogyne hapla), despite previously growing a cereal that did 
not promote the multiplication of this nematode species. In this example 
the problem was caused by broad-leaved weeds in the cereal crop. Re-
growth of crop plants can also nullify the effect of crop-rotation. In addition 
to serving as a source of food, weeds can also be a source of viruses for 
virus-transmitting nematode species such as Trichodoridae, Longidorus 
and Xiphinema. Tobacco rattle virus (TRV), which can be transferred by 
Trichodoridae, can proliferate in weed species such as shepherd's purse, 
black nightshade, and common chickweed. Moreover this virus can be 
dispersed further in the weed seed, and virus-free nematode populations 
can become charged with the virus. Consequently poor weed control can, 
for example, be responsible for TRV in potatoes, notched leaf in gladioli, 
or rattle in tulips. Insufficient research has been carried out to provide a 
complete summary of the host-plant status of the various weed species for 
the most important nematode species. 
For this reason the golden rule is: always control weeds in good time! 
Diagram of the nematode control strategy. 
Inventory 
Soil type 
History 
Crop inspection 
Soil sampling 
Prevention 
Planting material 
hygiene 
Crop Rotation 
Sequence/Frequence 
Cultivar 
Green manure 
Weed control 
Additional 
Soil disinfestation 
Soil suppressiveness 
Catch crops 
Biological control 
1 
Winter mortality plays an important role in the reduction of the 
nematode population. Weeds on fallow land that is not kept bare in the 
winter will enable many more nematodes to survive the winter than in 
bare soil. 
The life cycle of a nematode varies from between four to more than 
eight weeks depending on the soil temperature and the growth 
rate of the crop. Clearing all weeds from the land every four weeks 
greatly retards or prevents the multiplication of nematodes via weeds 
(Meloidogyne). Free-living nematodes such as Trichodoridae and lesion 
nematodes only puncture roots or leave a dying plant and seek a new 
host plant. 
c 23 
Weed control can only retard their multiplication. 
The mechanical control of larger weeds results in the slow death of the 
plants, as a result of which nematodes are able to survive for a longer 
period of time. Smaller weeds die more rapidly. Consequently regular 
weed control is required. 
Or, in other words: 
The nematode control strategy can achieve results only with effective 
weed control! 
Gladioli re-growth results in the multiplication of Columbia root-knot nematodes. Black nightshade results in the multiplication of Columbia root-knot nematodes. 
Dispersal of weeds in manure 24 
Weed seeds are distributed over arable land in the animal manure spread 
over the fields. The manure is contaminated with weed seeds via the 
litter in stalls, fodder (grass, green maize, and cereals), and in the raw 
materials used for concentrated feeds. A large number of weed seeds will 
be harvested together with green maize or grass grown in weed-infested 
fields. Organic cattle farms often use litter in the cattle sheds. Organic 
straw can be quite severely contaminated with weed seeds, whilst natural 
hay can contain seeds of undesirable plant species such as docks. This 
litter, together with fodder residues, passes directly into the manure. 
Farmers using animal manure need to know where the manure came from if 
they are to estimate the risk of introducing weed seeds on the land. Weed 
seeds can also be dispersed by the use of slurry. 
Probability of survival of weeds in cattle feed and manure: 
• Seeds lose their germination capacity on ensilage. After about 4 to 6 
weeks the seeds of virtually all species will be dead at the centre of the 
silage heap. 
• Concentrated feed is usually ground and pressed. 60-75% of the seeds of 
common amaranth do not survive this process. 
Extracted soymeal undergoes a heat process. This process is fatal for all 
seeds. 
• The fatality rate on the passage of seeds through an animal's digestive 
system ranges between 70% and 95%. 
• The survival of weed seeds in slurry depends on the weed species, the 
storage period, and the temperature. Virtually all seeds will be dead after 
eight weeks at 10°C. At 4°C this is achieved after sixteen weeks. The 
extent to which weed seeds can survive in solid manure is not known. 
• The germination capacity of weed seeds is also diminished by the 
fermentation, composting or drying of manure. 
Methods to limit the spread of weed seeds: 
• Keep feed crops free of weeds. 
• Keep silage closed for at least six weeks after ensilage. 
• Use weed-free litter. 
• Store manure for at least eight weeks before applying it to the land. 
• Compost solid manure. 
In practice, some cattle farmers devote extra attention to ensuring straw 
and natural hay are weed free. In some instances the manure is composted 
to prevent the introduction or spread of docks on pastures. 
New weed species can be introduced with manure. 
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Overview of crops C 25 
The type of farm machinery deployed depends on the type of the crop 
and the size of the weeds. 
This Section reviews farm machinery that works the soil within the plant 
rows. No attention is given to the control of weeds growing between the 
crop rows. This issue is discussed in the farm machinery section. 
The crops are classified into six groups. 
A diagram of a weeding strategy is given for each group. 
Research and practical experience have demonstrated that the following 
strategies are effective in controlling weeds. 
The choice of the farm machinery and the settings depends on a number 
of factors. 
Specific crop, farm, field and weather factors all play a major role, and 
will in turn require specific adjustments to the settings. A lot of expe-
rience is needed for some soil cultivation methods. These are indicated 
by a triangle containing an exclamation mark. Detailed information about 
the machinery and the settings is given in the next Section. The following 
tables include references to issues such as the method, the requirements 
imposed on the sowing or planting bed, and the suitability for use in 
various crops. 
The following classification into groups of crops has been drawn up for 
the purposes of the discussion of the various strategies. Potatoes and 
sown crops grown using ridge cultivation are discussed separately. 
Sown - large seeds 
widely-spaced 
in the rows 
Beans 
Peas 
Maize 
Pumpkin 
Sugar beet 
Sunflower 
Sown - small seeds 
narrowly-spaced 
in the rows 
Carrots 
Chicory 
Onions 
Red beet 
Spinach 
Planted - vertical 
growth 
Broccoli 
Brussels sprout 
Cauliflower 
Curly kale 
Leek 
Leaf-turnip/rooted celery 
Red cabbage 
Savoy cabbage 
White cabbage 
growth 
tndive 
Chines cabbage 
Fennel 
Lettuce 
Module onion 
Onion sets 
Strawberry 
Potatoes 
Carrot 
Chicory 
Grass seed 
Spring-sown cereals 
Winter cereals 
r* 
Sown - large seeds - widely-spaced in the rows 
Explanation of drawings 
Precision sowing 
0 , > 3 cm deep 
Plant rooted 
' ' 1 - 4 leaves 
4 - 6 leaves 
20 cm height 
>60% 
soil cover 
Weed 
White filaments 
cotyledon 
-f~^- cotyledon to 2 - leaf 
2 - 4 leaves 
6 leaves 
Flowering 
and seed-bearing 
Machinery 
\ Harrow I 
Setting 
Harrow tines, angle forward 
Finser weeder •*• ** 
Torsion weeder ^ ^ Weeder elements separated 
Pneumat I ! Weeder elements against each other - overlap 
* V Ridger \ f ^ Hoeing, slight ridging 
(p Hand weeding ^ ^ Risk of covering small crop-plants 
A Finger/torsion weeder on hard soil: take care with cultivation depth 
k3 High ridges for sunflower and maize 
m Low ridges for pulses, beets, etc. 
27 
Sown - large seeds - widely-spaced in the rows (beans, maize, peas, pumpkin, sugar beet and sunflower) 
Weeks -3 to O 
Crop 
Weed n 3 to 5 
ÖJ0 
ir^f^-
Machinery 
Setting 
\ I \ I \ 
\ I X I i <>A 
to 60% soil cover until harvesting 
¥-
A. 
'.'-; A A 
Sown - small seeds - narrowly-spaced in the rows 
Explanation of drawings 
Germination 
iii 1 • 3 leaves 
3 - 5 leaves 
30-100% 
soil cover 
Weed 
White filaments 
\ \ \ cotyledon ; cotyledon 
+-¥- cotyledon to 2 - leaf 
2 - 4 leaves 
6 leaves 
Flowering 
and seed-bearing 
Machinery Setting 
\ 
Harrow \ Harrow tines, angle forward 
T o ™ e e d e r \ Harrow tines at vertical setting 
Pneumat 
Flame weeding 
Hand weeding 
4" r Weeder elements separated 
Ü Weeder elements against each other - overlap 
A I Harrow as shallow as possible, above 
A 
A 
A 
sowing depth 
With small crops and loose soil elements 
approx. 1 cm apart 
With small crops and crust formation 
drive slowly and use discs 
Flame weeding in the crop solely for onion 
and chicory (onion 4 - 6 leaves and chicory 
3 - 4 leaves). Results in reduced yield. 
Sown - small seeds - narrowly-spaced in the row (chicory, carrot, onion, redbeet, spinach) 
Weeks -3 to O 
Crop 
Weed 
Machinery 
Setting 
71 
3 to 4 
m 
\i\ 
a> 
a> 
S 
\ l \ A|;->AA 
i \ \ 
A Ü 
A 
« 
^ 
z 
C 29 
until harvesting 
Planted - vertical growth 30 
Explanation of drawings 
Tray plants 
Diameter 
5 - 20 cm 
>30% 
row distance 
closed 
Weed 
White filaments 
Rooted plant cotyledon 
-i^f cotyledon to 2 - leaf 
2 - 4 leaves 
4 - 6 leaves 
Flowering 
and seed-bearing 
Machinery 
\ 
* 
Harrow 
\ 
Setting 
Harrow tines, angle forward 
t / T S S S L V Harrow t,nes at vert.alsett.g 
Pneumat 
Ridger 
Hand weeding 
x r 
u 
Weeder elements separated 
Weeder elements against each other - overlap 
Pronounced ridging 
U When the plants are not yet rooted and weeds 
m germinate. Do not contact the plants! 
CHL 
Planted - vertical growth (broccoli, Brussels sprouts, cauliflower, celery, curly kale, leeks, red cabbage, Savoy cabbage, white cabbage) 
Weeks 
Crop 
Weed 
Machinery 
Setting 
v 
A 
w> 
re 
until harvesting 
WA 
- * - * • 
\ r-
\ 
T 
± 
iJ-^_ 
Ç ; g 
Planted - low lateral growth 
Explanation of drawings 
Crop 
Module plants 
* * soil blocks 
x*1 Rooted plant to 
•
 T
 20 cm diameter 
> 50% 
_ y row distance 
closed 
Weed 
White filaments 
^ cotyledon to 
2 - leaf 
y $ß. 2 - 4 leaves 
g*|> Flowering 
G S S and seed-bearing 
Machinery 
\ 
ktf 
L 
m 
P 
Harrow 
Finger weeder 
Torsion weeder 
Pneumat 
Intra-row 
weeder 
Hand weeding 
A 
\ / 
u 
A 
£ 
Setting 
Harrow tines, angle forward 
Weeder elements separated 
Weeder elements against each other 
- overlap 
When the plants have not yet rooted. 
Do not contact the plants! 
When using a Pneumat make sure that 
soil is not blown into the plant's heart! 
Planted - low lateral growth (Chinese cabbage, endive, fennel, lettuce, module onion, onion sets, strawberry) 
Weeks -3 to O 
Crop 
Weed 
Machinery 
Setting 
•Hf-
Jr;A 
¥-
\ 
Zx 
C 33 
until harvesting 
Ridge cultivation 
Explanation of drawings 
" \ 
I 
T 
# 
Crop 
Potato sprouted 
Emergence 
Foliage crown 
15 cm diameter 
70% soil cover 
Weed 
White filaments 
^ cotyledon to 
2 lea« 
t 1 : 4 leaves 
S » Flowering 
ca© and seed-bearing 
Machinery 
S 
X 
A> 
£ 
Harrow 
Finger weeder 
Ridgers 
Rotary cultivator 
Angle hoe 
Hand weeding 
I 
: 
A 
a 
A 
Setting 
Harrow tines, angle forward 
Weeder elements against each other 
• overlap 
On clay soils ridge when plant 
emerges 
Alternating harrowing smooth and 
ridging, repeat with newly emerged 
weeds 
Ridge up to cover weeds on the 
ridge 
Ridge cultivation (potatoes) 
Weeks -3 to 0 
Crop 
Weed 
Machinery 
Setting 
. 
tri) 
•o 
DJD 
Clay 
lk± 
c 
Sand 
/K 
HP 
A 
35 
until harvesting 
T 
Ridge cultivation 36 
Explanation of drawings 
/ • \ 
-
?W\ 
Crop 
Ridge cultivation 
Germination 
cotyledon 
through 4 leaves 
6 leaves to 40% 
cover 
40% cover 
ready for harvesting 
Weed 
White filaments 
cotyledon 
cotyledon to 
2 - leaf 
t 1 2 - 4 leaves 
&b 6 leaves 
§E? Flowering 
cE> and seed-bearing 
Machinery 
£P? 
i 
^ ' 
4 
p 
Flame weeding 
Ridgers 
Angle hoe 
Finger weeder 
Hand weeding 
Setting 
\ | / Ridge slightly 
" V , Weeder elements separated 
^ ^ Only with high weed pressure 
/& Emergency measure: 
Ü results in reduced yield 
Ridge cultivation (carrots, chicory) 
Weeks 
Crop 
•3 toO 
o 
Machinery 
Setting 
w* 
A 
+-¥- •Ht 
5 to 6 
A\ 
C 37 
until harvesting 
T 
W%' 
A 
P*% i>4 
v t * . 
On light soil discs can also be used instead of angle hoes. 
Cereals and grass seeds ÓO 
Explanation of drawings 
Germination 
\. , 
| 
2 • 4 leaves 
End og tilling 
Seed heads start 
to form 
Ripening 
Weed 
White filaments 
otyledon to 
2 - leaf 
r !£ 2-4 Ipjves 
6 leaves 
Flowering 
and seed-bearing 
Machinery Setting 
S 
t7 
Harrow 
Finger weeder 
Torsion weeder 
N. Harrow tines at vertical setting 
V Harrow tines, angle forward 
>^ £t Weeder elements separated 
Weeder elements against each other 
^KjP overlap 
i X Ridgers V > Ridge slightly 
Hand weeding ^ ^ Shallow, preferably chain-link harrow 
Mechanical weed control is effective with these crops with a row spacing of 25 cm or more. 
Cereals (winter and spring-sown) and grass seed 
Weeks/ 
period 
Crop 
Weed 
Machinery 
Setting 
2 toO 
-*-¥• 
\ 
March/April 
- * - * * 
39 
unt l harvesting 
: 
! ! * 
i. 
Z-±, 
Sow winter cereals late In the season so that the risk of weed development before the winter is small. 
Sow spring-sown cereals as early as possible to ensure that the crop has an edge on weeds that germinate early in the spring. 
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